present m the same chromosome as Cy, it ought to have arisen by mutation, since no crossing-over occurs in males.
Many degenerative disorders of the nervous system in man occur more often in certain families than in the general population, suggesting that inheritance is involved, but conclusive evidence for this is difficult to obtain.
But in laboratory animals produced in large numbers under uniform conditions and inbred as closely as is practicable, evidence as to the inheritance of nervous disorders is readily obtained. We have observed such a case in the rabbit colony at Brown University, in a family of chinchilla rabbits which has been under continuous observation for nearly 15 years, and in which parent-offspring inbreeding had been practiced for at least 5 generations at the time the disorder was first discovered. The disorder is one which for lack of a more precise descriptive name we have called "ataxia." It is due to a semi-lethal mutation which is inherited as a simple recessive character. The genetic symbol to be used in reference to this mutation is at, its normal and dominant allele being At.
The first affected animal was observed late in the winter of 1936, in a litter of six, all of which appeared vigorous and entirely normal at birth. At two months of age one of the females became paralyzed in the hind quarters. She was kept under observation but died after a period of two weeks during which time the condition became progressively worse. Each of the other two females of this litter remained entirely normal, was raised to maturity and mated back to the father. Each produced young in her first litter which showed an identical condition setting in at approximately the same age. This gave rise to the suspicion that the defect might be due to a hereditary mutation.
Since affected individuals do not survive until sexually mature, all which occur are born of normal parents. Accordingly the mutation must be re-cessive in inheritance. When it arose cannot be stated since both parents of the first affected individual must have carried the mutant gene derived from some common ancestor.
The first ten individuals which manifested the defect were progeny of the same male (4207), a vigorous normal rabbit still sexually active although seven years old. He produced "ataxic" young by two females of quite different immediate ancestry, one belonging to his own line of descent, the other derived from an outcross of his ancestor (?'48D3) with an entirely different line of chinchilla rabbits. Accordingly the mutation must have been already in existence as a recessive in the nearest common ancestor of both females, viz., e48D3.
The defect manifests itself first in the hind legs as a disinclination to movement and secondly in the manner of movement which is forced and irregular. Instead of the characteristic hopping movements of normal rabbits with both hind legs working together, there is a tendency for them to be used alternately and with seeming lack of coordination. In the next stage one of the hind legs appears to be stiffened and extended to one side. The weight of the body is then carried by the other leg, producing a posture which is quite characteristic. Even before this can be readily recognized a tendency may be noted for the animal to come to rest close to the side of the cage, as if for support.
The gait becomes progressively clumsier, the legs gradually lose their ability to maintain support of the body and the animal, after walking a short distance, may fall over on its side in an apparently helpless condition. After a rest, it may be able again to utilize its legs in support of the body. In from 5 to 10 days the condition may progress to the point where the animal is almost completely incapacitated. At this stage the hind legs can never be used to support the body. The animal lies upon its side, usually the one opposite the leg which first became affected, with the hind legs extended. When the animal is disturbed, walking movements may be attempted but exhaustion comes rather quickly.
At this stage the animal seems hypersensitive to many situations which are not disturbing to a normal rabbit. Although sudden movements and loud noises do not cause violent reactions, the animal does appear momentarily startled. Continued stimulation such as caused by people moving about the room leads to restlessness which may continue long after the stimulus has been removed. This hypersensitivity is also strikingly manifested in the efforts of the animal to drink from the customary brass nipple and water bottle employed in our laboratory. The vibrissae appear so highly sensitive that any approach to the nipple causes violent withdrawal and may account in part at least for the very apparent resultant dehydration of the animals at autopsy. It is also interesting to note that the animal appears less sensitive to glass than to brass nipples. At about this time a characteristic grinding of the teeth, which continues at irregular intervals until death, becomes apparent.
The appetite appears to differ with the individual. Some animals lose appetite very soon after onset of the condition. Others have shown a desire for food for some time after they were no longer able to gain their feet, and therefore had to be fed by hand. Food is located with difficulty even if placed in close proximity to the head. In general it has been found that succulent green food will be taken long after all other food is refused and a better general condition is maintained as a consequence.
Sensitivity and excitability seem to increase to a definite peak which varies with the individual. The patellar reflex first shows movements of extremely low magnitude followed by increasing rapidity and magnitude until a crossed reflex is present. At no time does the patellar reflex appear pendular. This reflex degeneration appears to progress anteriorly until the fore legs and head are involved. A crossed reflex has never been observed in the fore leg although responses of low magnitude result followed by responses of high magnitude. At this stage some individuals show a pronounced lateral nystagmus. Breathing tends to be convulsive and orientation of head movements become difficult. Pain reflexes continue to be present until death, although some minor changes in them have been observed.
In the final stage, the animal becomes more or less flaccid, and in contrast to the preceding hypersensitivity, becomes relatively quiescent with a marked drop in body temperature. It is not easily stimulated and apparently is unaware of its surroundings. All desire for food or water is lost. Respiration is more irregular and labored and death follows within a few hours.
Post-mortem examination usually shows excessive dehydration and emaciation even in those individuals having the best appetites. The tongue shows no abnormality such as is described for vitamin B deficiencies, with which certain types of paralysis are sometimes associated, nor is the coat in any way affected. The teeth, particularly the incisors, are frequently worn and chipped beyond those of normal sibs, which is not surprising in view of the continuous grinding already mentioned. The adrenals in those animals which have been examined seem to be smaller than is normal for rabbits of the same age although we are not able to attach any particular significance to this observation. Other post-mortem irregularities have not been observed.
The time of first manifestation of the condition has varied from 58 to 89 days after birth, the mean for 41 individuals being 72.9 days. The true mean may be earlier since the earliest indications of onset could easily be overlooked. The sequence of the above described events has been the same in all cases observed, each stage differing only in duration and inten-sity. The longest duration of the condition was observed in a case lasting 27 days, death probably being due to involvement of the respiratory centers. Several have succumbed five days after first manifesting symptoms. Preliminary microscopic examination of the nervous system has revealed demyelinated areas in the medulla in the general vicinity of the vestibular nuclei. Although we cannot as yet state the exact extent or variability of the lesions, it seems probable that vestibulo-cerebellar and ponto-cerebellar systems are involved. These observations as well as the symptoms and reflex behavior described above indicate that we are dealing with an extrapyramidal degenerative disorder.
Inasmuch as the affected rabbits are always derived from entirely normal appearing parents, and die before reaching sexual maturity, the character may be described as a sublethal recessive. It can be perpetuated and studied only by way of the heterozygous carriers. Matings between such known heterozygous males and females have produced a total of 219 young which have been reared to at least three months of age. The affected individuals number 55, the expectation for a monofactorial recessive being 54.75; hence there is no prenatal lethality of the mutation.
The use of extracted recessives in the customary outcross, back-cross and inter se recessive matings being impossible, known heterozygotes were used in their stead. In 12 out-cross matings involving two different unrelated breeds, family X descended from Castle's small race and family III a New Zealand White, 64 normal young have been obtained. The subsequent back-cross matings of these Fis to known heterozygotes of family V appear to fall in two categories, those which produce affected young and those which do not. Six or more normal young have been regarded as an adequate test. Of such tested Fls, 6 were heterozygous (At at) and 4 were homozygous (At At), equality being expected.
Of the normal individuals derived from heterozygous parents, 1/3 should be homozygous and therefore incapable of producing affected young, whereas 2/3 should be heterozygous and so capable of producing affected young. Of 34 individuals tested, 12 proved to be homozygous and 22 heterozygous, which is close to the expected 1: 2 ratio. Affected individuals occur in both sexes without statistically significant difference in frequency.
As in the case among pigeons described by Riddle' it is not certain by what name this disorder should be called. In the sense that it represents a loss of coordination of movements it is an ataxia. However, neither in the symptoms manifested nor in the pathology described does the case of the pigeon seem to be strictly comparable with this. This disorder is more closely related to the condition described in the rabbit by Nachtsheim2 as spastic spinal paralysis. But the time of onset of the present defect is much later than that reported by Nachtsheim and the duration is shorter.
The pathological disturbance appears to be located in the same general re-gions of the brain although it is difficult to be certain as to their location from the information available for the spastic paralysis. The inheritance in all of these cases is similar. The case of paralysis in the dog described by Stockards is entirely dissimilar in symptomatology, pathology and also in inheritance.
The present disorder, due to its semi-lethal nature, is not ideal genetic material with which to work but genetic tests of the possible chromosomal association with other known genes have been devised which at the same time are providing an economical and continuous supply of affected animals with which to test the functional and organic nature of this condition, which so closely parallels certain human degenerations.
Conclusion.-We may conclude that this degenerative disorder involving the brain stem, which appears to have arisen by a mutation, is transmitted as a simple mendelizing unit. By crossing it can be introduced into unrelated and unaffected families to become manifest in subsequent generations. Likewise it can be eliminated by proper breeding tests accompanied by selection of those segregates which are free from the defect, for establishment of a new line.4 I Riddle, O., Proc. Soc. Exper. Med. and Biol., 15, 56 (1918) .
2 Nachtsheim, H., Deut. Tierdrztl. Wochenschrift, 44, 742-746 (1936 Bacteriophages, or bacterial viruses, are a group of viruses reproducing in the presence of living bacterial cells. Bacteriophages are particulate, and convincing evidence exists that (1) one particle of phage is sufficient to originate the lysis of a bacterial cell; in the lysis, a variable number of new phage particles (an average of 100 or more) are liberated per cell;' (2) the elementary particles of each phage strain seem to have a characteristic particle size as determined by any one of various indirect methods of investigation (ultrafiltration,2 radiosensitivity, 3 diffusion,4) and diameters ranging from 10 to 100 m,u have been obtained for the various strains de-
